INTRODUCTION
The vector wave functions, which are first proposed by Hansen to study the electromagnetic radiation problems [1] , are important concepts in electromagnetism. This concept, which has been extensively developed by Morse and Feshbach [2] , Tai [3] , and Zhou [4] in studying the electromagnetic boundary-value problems, seems to gain increasing interest and importance. The vector wave functions have found versatile applications and presented great advantages when compared with other methods (e.g., three-dimensional moment method [5] , coupled-dipole method [6] , and integral-equation technique [7] ). However, the vector wave functions in any given complex media need to be developed, in order to provide methodological convenience in studying the elec-tromagnetic properties of these materials. Moreover, to establish the reliability and applicability of the vector wave functions in studying the physical properties of the complex media, convergence properties of the series involved must be extensively examined.
Basically, there are five analytical and numerical methods, which are based on the eigenfunction solution of the wave equation, to investigate the electromagnetic phenomena, i.e., the mode-matching method [8] , the perturbation approach [9] , the T-matrix method [10] , the pointmatching method [11] , and the multipole technique [12] . Despite of the fact that the mode-matching method can provide rigorous criteria for other numerical methods, it is only applicable to simple boundaryvalue problems which allow the Helmholtz equation to have a separation of variable-based solution. The perturbation method, which involves a Taylor expansion of the fields on the boundary, requires the smallness of the boundary perturbation so that the higher order terms can be neglected. Although the T-matrix method have been widely employed to study the electromagnetic boundary-value problems of isotropic media, this formulation, derived from the Huygens's principle and extinction theorem, requires that the Green dyadic in the exterior region must be expressible in terms of the eigenfunctions. Furthermore, due to the limited knowledge about the Huygens's principle and extinction theorem in complex material, it is often very difficult to obtain the T-matrix formulation. These constraints on the T-matrix method make it unsuitable to investigate the boundary-value problems of complex materials where we can not obtain the eigenfunction expansion of Green dyadic. (For complex materials, the solution of the source-incorporated problems, which involves the Green dyadic, is much more difficult than the source-free one.) Although the pointmatching method is not limited by the same constraint condition as T-matrix method, it is well-known that it is more time-consuming for not-the-near-circular or -spherical geometry problems. The multipole technique, which requires the knowledge of the eigenfunction expansion of the field distribution of unit source, is difficult to explore for investigating the physical phenomena of complex materials. Considering the applicability scope of these methods, other computational approaches based on the vector wave functions, which should be superior to these already existing methods, still need to be studied so as to provide the methodological convenience in investigating and exploring the physical phenomena involved in complex materials.
With recent advances in polymer synthesis techniques, increasing attention is being paid to the analysis of interaction of electromagnetic waves with composite materials, in order to determine how to use these materials to provide better solutions to current engineering problems [13] [14] [15] . In the present study, a concept of gyromagnetic uniaxial chiral medium is proposed to generalize the well-studied reciprocal chiral medium, gyromagnetic medium, and uniaxial medium with chirality. In practice, a general form of gyromagnetic uniaxial chiral medium can be created by mixing three sets of small metal helices in a host gyromagnetic medium (e.g., magnetically biased ferrite), with the axes of two sets perpendicular and parallel to a fixed direction, respectively, and the other set distributed in random orientations and locations. From a phenomenological point of view, a gyromagnetic uniaxial chiral medium with the preferred axis of z direction can be characterized by a set of constitutive relations
where ε = ε t I t + ε z e z e z , and µ = µ t I t + µ z e z e z − ige z × I t are the permittivity and permeability dyadics, respectively. ξ = i(µ 0 ε 0 ) 1/2 (αI t + γe z e z ) is the uniaxial magnetoelectric pseudo-dyadic, where I t = I − e z e z is the transverse unit dyadic, µ 0 and ε 0 are the permittivity and permeability of free space, respectively. Here, I is the unit idem factor and e j represents unit vector in the j direction. α and γ are transverse and axial chirality parameters, respectively. Instead of three parameters for the reciprocal chiral medium, we are facing a medium with seven constitutive parameters, which could provide more flexibility for fabrication design.
To have an idea of a medium with parameter dyadics of the above forms, we first note that the special case with g = γ = 0 corresponds to the transversely chiral uniaxial bianisotropic medium studied earlier [16] . This medium can be created by scattering metal helices in a dielectric host material in such a way that the axes of all helices are arranged to be perpendicular to the z axis, but possess arbitrary orientations and locations. When g = α = 0, this medium is termed as uniaxial chiral medium [17] , and can be realized by mixing conductive helices in a dielectric basement medium in such a manner that the axes of all helices are arranged to be parallel to the z axis but with random locations. For the special case of α = γ, the material is the already-known chiroferrite medium [18] , which can be created by arbitrarily immersing short helices in a magnetized ferrite.
The gyromagnetic uniaxial chiral medium is a subset of the wider class referred to as bianisotropic media. Excellent works in general bianisotropic media have been done by Post [19] , Kong [8] , and Chen [20] among others. Different from these general considerations, the present investigation is intended to develop the cylindrical vector wave functions to represent the electromagnetic fields in source-free gyromagnetic uniaxial chiral medium and propose an extended modematching method to study the two-dimensional electromagnetic boundary-value problems of gyromagnetic uniaxial chiral medium. The formulations of the cylindrical vector wave functions are considerably facilitated by using the concept of characteristic wave and the method of angular spectrum expansion [21] . This extended method leads to compact and explicit expressions of the field representations in terms of the cylindrical vector wave functions. Furthermore, to make the efficient recursive algorithm developed by Chew [22] available to layered structures and multiple scatterers consisting of gyromagnetic uniaxial chiral media, an outline to derive the addition theorem of the vector wave functions for gyromagnetic uniaxial chiral medium is described. For applications of the present cylindrical vector wave functions, an extended mode-matching method is proposed to study the two-dimensional electromagnetic scattering of a cylinder with arbitrary cross section and a conducting circular cylinder with an inhomogeneous coating thickness. To check the convergence of the present cylindrical vector wave functions for multiple-body problem, electromagnetic scattering by two circular cylinders of gyromagnetic uniaxial chiral media is also investigated. Excellent convergence properties of the cylindrical vector wave functions in these application examples are numerically verified, which establishes the reliability and applicability of the present formulation.
This manuscript is organized as follows. In Sec. 2, based on the concept of characteristic waves and the method of angular spectral expansion, the cylindrical vector wave functions in source-free gyromagnetic uniaxial chiral medium are developed to represent the electromagnetic field. It is found that the solutions of the source-free vector wave equation for gyromagnetic uniaxial chiral medium are composed of two transverse waves and a longitudinal wave. Addition theorem of the vector wave functions for gyromagnetic uniaxial chiral medium can be directly obtained from its counterpart for isotropic medium. In Sec. 3, to illustrate how to use the present cylindrical vector wave functions in a practical way and examine the convergence properties of the infinite series involved, an extended mode-matching method is proposed to study the electromagnetic scattering of a gyromagnetic uniaxial chiral cylinder with arbitrary cross section and a conducting circular cylinder with an inhomogeneous coating thickness of gyromagnetic uniaxial chiral medium. To check the convergence of the present cylindrical vector wave functions for multiple-body problem, electromagnetic scattering by two circular cylinders of gyromagnetic uniaxial chiral media is also investigated. The formulations for these numerical calculation are briefly described in this context, and for the sake of consistency the details are arranged in the Appendices. Extensive computations reveal that the infinite series involved in these application examples have the excellent convergence properties, which establishes the reliability and applicability of the present cylindrical vector wave functions. Sec. 4 concludes this manuscript with a remark on the present cylindrical vector wave functions and the extended modematching method.
In the following analysis, the harmonic exp(iωt) time dependence is assumed and suppressed. In the notations we adopted, double overline is used to represent dyadics and overline is used for vectors.
CYLINDRICAL VECTOR WAVE FUNCTIONS
In this section, we will try to give the eigenfunction expansion of the electromagnetic waves in a gyromagnetic uniaxial chiral medium, based on the concept of characteristic waves and the method of angular spectral expansion [21] .
Substituting the constitutive relations (1a) and (1b) into the sourcefree Maxwell's equations, a H -field vector wave equation is obtained
(2) The characteristic waves corresponding to (2) can be examined in the Fourier transform domain, which leads to the characteristic equation
where
Designating the roots of (3) as k ρ = k ρq (q = 1, 2, 3, 4), the magnetic eigenwaves can be written as
The magnetic field is then written as
where H qz (k z , φ k ) is the amplitude of the spectral longitudinal component of magnetic field. Applying the angular spectral expansion [21] to
and after some mathematical manipulation, we obtain (see Appendix A for detail)
where the cylindrical vector wave functions are defined as
Here, Z
n (·), and H (2) n (·), for j = 1, 2, 3, and 4, respectively. The expansion coefficients of the vector wave functions are found to be
The electric field can be easily obtained from the Maxell's equations, and straightforward algebraic manipulation leads to
where the weighted coefficients of the vector wave functions are determined as
Since Bessel, Neuman, and Hankel functions of the same order satisfy the identical differential equation, the first kind of vector wave functions in equations (7) and (10) can be generalized to the three other sets, corresponding to Neuman and Hankel functions. The resulting equations (7) and (10) indicate that solutions of the source-free Maxwell equations in gyromagnetic uniaxial chiral medium, which can be represented in terms of the cylindrical vector wave functions, are superposition of two transverse waves (TE for M and TM for N ) and a longitudinal wave.
To make the efficient recursive algorithm developed by Chew [22] available to layered structures and multiple scatterers consisting of gyromagnetic uniaxial chiral media, the addition theorem of the cylindrical vector wave functions for gyromagnetic uniaxial chiral medium can be directly obtained by substituting the counterpart for isotropic medium [22] in (7) and (10).
APPLICATIONS AND CONVERGENCE PROPERTIES OF THE CYLINDRICAL VECTOR WAVE FUNCTIONS
To illustrate how to use the present cylindrical vector wave functions in a practical way and to examine the convergence properties of the infinite series involved, an extended mode-matching method is proposed to study the electromagnetic scattering of a cylinder with arbitrary cross section and a conducting circular cylinder with an inhomogeneous coating thickness. To check the convergence of the present cylindrical vector wave functions for multiple-body problem, electromagnetic scattering by two circular cylinders of gyromagnetic uniaxial chiral media is also investigated.
An Infinitely Long cylinder with Arbitrary Cross Section
In this subsection, we will try to develop an extended mode-matching method to study the electromagnetic scattering of a cylinder with arbitrary cross section. For this purpose, we first choose the coordinate system so that the incident wave is along +x axis. The cylinder is bounded by the surface ρ = f (φ), where f (φ) is a single value and continuous function of φ.
Since an arbitrary polarized electromagnetic wave in free space can be decomposed into TM z and TE z polarized waves which are independent and dual with each other, we will only consider the TM z incident case without losing any generality. The incident TM z wave of unit amplitude of electric field is expanded in terms of the circular cylindrical vector wave functions
, and δ(·) is the Dirac delta function . Here, k 0 = ω(ε 0 µ 0 ) 1/2 and η 0 = (µ 0 /ε 0 ) 1/2 represent the wave number and wave impedance of free space, respectively. The scattered electromagnetic waves may have TM z and TE z components and should be expanded as
In the expressions (12) and (13), the functions M , 4) are the cylindrical vector wave functions as defined in the previous section.
The electromagnetic fields excited inside the scatterer E int (r), H int (r) can be represented in terms of the cylindrical vector wave functions in the way we have presented in the previous section.
The boundary conditions to ensure the continuity of the electric and magnetic fields at the outer surface of the scatterer ρ = f (φ) are
where all the field components are evaluated at ρ = f (φ), and
To numerically solve Eqs. (14a-14d), the infinite series involved must be truncated. In what follows, the infinite summation is such truncated that the series is taken to be summed up from −N to N. These truncated equations can be easily analytically solved for the expansion coefficients of the scattered fields. For the sake of consistency, details for the formulations of the solution procedure are organized in Appendix B. After carefully examining the final numerical results, excellent convergent properties of these truncated series are established, which make the truncating process reasonable. The bistatic echo width, which represents the density of the power scattered by the cylindrical object, is defined as
where the asterisk indicates complex conjugate, and Re[·] denotes real part of the complex function.
Recalling the asymptotic expression of the Hankel function in the far region
we can rewrite the expression (15) in a more explicit form
To validate this extended mode-matching process, numerical results of the present method for the scattering by a circular cylinder (ρ = a) and a deviated circular cylinder (
have been computed and compared with that of a circular cylinder calculated by the conventional mode-matching method, respectively. Excellent agreement between the results is obtained. For completeness and comparison purposes, formulations of the conventional mode-matching method for scattering by a circular cylinder are presented in Appendix C. Previous to the actual computation for the scattering by a gyromagnetic uniaxial chiral cylinder with noncircular cross section, convergence of the results involved must be examined. Table 1 presents the numerical results of the convergence test for a gyromagnetic uniaxial chiral cylinder of elliptical cross section. It is seen that by properly choosing the truncated number N of the series involved, reliable results can be obtained for all scattering angles. The convergence check indicates that the present cylindrical vector wave functions in conjunction with the extended mode-matching method can be reliably applied to study the two-dimensional electromagnetic phenomena of single gyromagnetic uniaxial chiral object. To provide criteria for other numerical method, Figure 1 illustrates the bistatic echo width of an elliptical cylinder of gyromagnetic uniaxial chiral medium.
A Conducting Circular Cylinder with an Inhomogeneous Coating Thickness
In this subsection, we will try to use the extended mode-matching method to study the electromagnetic scattering of a conducting cylinder with an arbitrary coating thickness of gyromagnetic uniaxial chiral 
3, and γ = 0.7. The geometry parameters of the scatterer are taken to be semi major axis = 1.2λ 0 , and semi minor axis = 0.9λ 0 . The major axial of the scatterer takes an angle of 2π/9 with respect to the x axis.
medium. For this purpose, we also fix the coordinate system so that the incident wave is along the +x axis, the conducting core is bounded by ρ = a, and the outer surface is bounded by the surface ρ = f (φ), where f (φ) is a single value and continuous function of φ. Once again, the TM z incident wave with unit amplitude of electric field is considered. The incident and scattered waves are expanded in Figure 1 . Scattering pattern of an elliptical gyromagnetic uniaxial chiral cylinder due to a normally incident TM z polarized plane wave. The geometrical and constitutive parameters are taken to be as the same as those of Table 1 . The dotted line corresponds to the case where the major axial of the scatterer is along the x axis, the dashed line for the major axis along the y axis, and the solid line for the major axis having an angle of 2π/9 with respect to the x axis.
terms of the cylindrical vector wave functions, as Eqs. (12) and (13) . According to the cylindrical wave functions in gyromagnetic uniaxial chiral material developed in Section 2, the fields in the coating region can be represented as
where h (1) qn and h (4) qn (q = 1, 2) are expansion coefficients. Here, k z = 0 for the cylindrical vector wave functions and their weighted coefficients have been suppressed for the sake of writing simplicity.
The boundary conditions at the boundary ρ = a are
And the boundary conditions at outer surface of the scatterer ρ = f (φ) are
To numerically solve Eqs. (19) and (20), the infinite series involved must be truncated. These truncated equations can be easily solved for the expansion coefficients of the scattered fields. For the sake of consistency, details for the formulations of the solution procedure are organized in Appendix D.
To validate this extended mode-matching process, numerical results of the present method for the solution of a conducting circular cylinder with a coaxial coating are computed and compared with those calculated by the conventional mode-matching method. Excellent agreement between the results is obtained.
Similar to Subsection 3.1, convergence test of the results involved should be carefully examined for the scattering of a conducting circular cylinder with an inhomogeneous coating thickness of gyromagnetic uniaxial chiral medium. Table 2 Table 2 . Convergence test of a conducting cylinder with a coating of elliptical cross section (TM z ). The constitutive parameters of the coating are taken to be the same as those of Table 1 . The ellipticalshaped coating has a semi major axis of 1.4λ 0 , and semi minor axis 1.1λ 0 , the radius of the conducting cone is 0.8λ 0 . The major axial of the cross section of the coating takes an angle of 2π/9 with respect to the x axis.
the convergence test for a conducting circular cylinder with a gyromagnetic uniaxial chiral coating of elliptical cross section. It is seen that for proper truncated number N, reliable results can be obtained for all scattering angles. The convergence check indicates that the present cylindrical vector wave functions in association with the extended mode-matching method can be reliably utilized to investigate Figure 2 . Scattering pattern of a conducting circular cylinder with a coating of elliptical cross section, due to a normally incident TM z polarized plane wave. The geometrical and constitutive parameters are taken to be the same as those of Table 2 . The dotted line corresponds to the case where the major axis of the coating is along the x axis, the dashed line for the major axis along the y axis, and the solid line for the major axis having an angle of 2π/9 with respect to the x axis.
the two-dimensional boundary-value problem of multilayered gyromagnetic uniaxial chiral objects. To provide criteria for other numerical method, Figure 2 illustrates the bistatic echo width of a conducting circular cylinder with a gyromagnetic uniaxial chiral coating of elliptical cross section.
Two Circular Cylinders
To illustrate the applicability of the present cylindrical vector wave functions for multiple scattering problems, we now try to use the addition theorem to study the electromagnetic scattering of two circular cylinders consisting of gyromagnetic uniaxial chiral media.
The geometrical configuration of the cross section and symbols used here are illustrated in Figure 3 , where the constitutive relations for cylinder j (j = 1, 2) are
The normally incident plane wave of unit amplitude of electric field with an incident angle ϕ inc with respect to the +x axis can be expanded in terms of the cylindrical vector wave functions:
where k z = 0 in the vector wave functions has been suppressed, and the coordinate system in which the vector wave functions are The electromagnetic fields inside the scatterers can be separately expanded in terms of the cylindrical vector wave functions in the local coordinate systems:
for j = 1, 2. Here, k z = 0 in the weighted coefficients of the vector wave functions has been suppressed. The scattered fields are the superposition of those scattered from each cylinder 
Based on the addition theorem for the Bessel and Hankel functions [4, 22] , the transformation of the cylindrical vector wave functions from the O q coordinate to O p coordinate are obtained:
Using the addition theorem of the cylindrical vector wave functions and applying the boundary conditions at each surface of the scatterer to ensure the tangential components of electric and magnetic fields are continuous, a set of coupled linear equations involving the scattering coefficients are obtained. For the sake of consistency, details for the formulations of the solution procedure are organized in Appendix E.
The bistatic echo width of the scattering structure can be obtained by using the asymptotic expansion of Hankel function Eq. (16) and
For a TM z polarized incident plane wave, the first term in the righthand of (27) represents the copolarized echo width, while the second the crosspolarized one. For a TE z polarized incident plane wave, the first and second terms in (27) stand for the cross-and copolarized echo width, respectively. Again, it is important to examine the convergence properties of the final results for the series involved in the scattering by two circular cylinders of gyromagnetic uniaxial chiral media. Tables 3 and 4 present the numerical results for the convergence test of this scattering structure. It is seen that for proper truncated number N, reliable results can be obtained for all scattering angles. The convergence check indicates that the present cylindrical vector wave functions can be reliably applied to study the two-dimensional multiple-body problem of gyromagnetic uniaxial chiral media. To provide criteria for future references, Figures 4 and 5 illustrate the bistatic echo width of two circular cylinders of gyromagnetic uniaxial chiral media for TM z and TE z polarized incident wave, respectively. Table 3 . Convergence test of two circular cylinders due to a TM z polarized incident plane wave. The constitutive parameters of the media are taken to be as µ
z /ε 0 = 2.5, α (1) = 0.3, and γ (1) = 0.4; and µ (2) 
z /ε 0 = 2.1, α (2) = 0.3, and γ (2) = 0.7. The geometry parameters of the scatterer are taken to be a 1 = 0.4λ 0 , a 2 = 0.7λ 0 , and d = 1.3λ 0 . The incident angle is 37 • .
CONCLUDING REMARKS
In the present investigation, cylindrical vector wave functions are developed to represent the electromagnetic field in the source-free gyromagnetic uniaxial chiral medium. The formulation is greatly facilitated Table 4 . Convergence test of two circular cylinders due to a TE z polarized incident plane wave. The geometrical and constitutive parameters of the coating are taken to be the same as those of Table 3 . The incident angle is 53 • .
by using the concept of characteristic waves and the method of angular spectral expansion [21] . The formulation developed here generalizes the canonical solutions of vector wave functions for isotropic media, and recovers the case of the transversely chiral uniaxial bianisotropic medium [16] , the uniaxial chiral medium [17] , and the chiroferrite medium [18] . For applications of the cylindrical vector wave functions, an extended mode-matching method is proposed to study the two-dimensional electromagnetic scattering of a gyromagnetic uniaxial chiral cylinder with arbitrary cross section and a conducting circular cylinder with an inhomogeneous coating thickness of gyromagnetic uniaxial chiral medium.
To check the convergence of the present cylindrical vector wave functions for nontrivial problems (such as the multiple-body problems), electromagnetic scattering by two circular cylinders of gyromagnetic uniaxial chiral media is also investigated. Excellent convergence properties of the cylindrical vector wave functions in these application examples are numerically verified, which establishes the reliability and applicability of the present theory. It should be pointed out that the extended mode-matching method presented here, although does not require the eigenfunction expansion of Green dyadic, is only applicable to small aspect-ratio scatterers as the conventional T-matrix method. For scatterers of large aspect ratio scatterer, the challenge of convergence and time-consuming must be taken into account. However, this method is obviously superior to the conventional mode-matching method [8, 22] which can only be applicable to circular cylindrical structure, perturbation method [9] which is only suitable to near-circular cylindrical structure, T-matrix method [10] and multipole technique [12] both of which require the knowledge of source-incorporated solution, and may be regarded as the modified form of point-matching method [11] due to the same condition under which they can be utilized and the same challenge they will face up with for complex structure. Using the addition theorem of the cylindrical vector wave functions and the formulations for single scatterer, a homogenization theory [23] for the gyromagnetic uniaxial chiral composite media may be established, where the pair distributed function [24] can result from experiment, theoretical investigation, or numerical results. It is of interest to note that the cylindrical vector wave functions can be expanded as discrete sums of the spherical vector wave functions [25] , therefore the present strategy could be extended to solve the problems of three-dimensional finitedomain structures. Noting the fact that the cylindrical functions can be expanded in terms of the plane wave functions [26] , the present vector wave functions may also be applied to tackle the electromagnetic boundary-value problems involving the planar and curved surfaces of the gyromagnetic uniaxial chiral medium. Although excellent convergence and efficiency of the present cylindrical vector wave functions in tackling the two-dimensional physical phenomena have been demonstrated by extensive numerical computation, one should carefully examine the convergence and efficiency of the theory in actual computation when using the spherical or planar vector wave functions for three-dimensional finite-domain or planar-curved-surface electromagnetic phenomena associated with the gyromagnetic uniaxial chiral medium. Nevertheless, it is believed that the present cylindrical vector wave functions and the generalized mode-matching method would be helpful in analyzing and exploiting the physical phenomena associated with the boundary-value problems of layered structures as well as multi-scatterers consisting of gyromagnetic uniaxial chiral media.
APPENDIX A: DETAIL OF THE VECTOR WAVE FUNCTIONS
Substituting the expressions (4) and (6b) in (6a), we have the magnetic field expanded in terms of the eigenvectors in a circular cylindrical coordinate system
and taking the derivatives of (A2) with respect to ρ and φ, respectively, we have
and
(A8) By introducing the cylindrical vector wave functions (8a) -(8c) and recalling the complete property of this set of functions [2, 4, 22] , it is reasonable to assume the magnetic field in gyromagnetic uniaxial chiral medium can be represented in the form of (7). Then, comparing the coordinate components of (7) with those of (A5) where P n (k z ), Q n (k z ) and R n (k z ) are determined by (A6)-(A8), we derive a set of equations
and 
where 
After numerically evaluating the matrices involved, eqautions (B14) and (B15) would result in the expansion coefficients of the scattered fields.
APPENDIX C: ELECTROMAGNETIC SCATTERING BY A GYROMAGNETIC UNIAXIAL CHIRAL CIRCULAR CYLINDER
Here, we will present the explicit expressions of expansion coefficients of the scattered field for the scattering of a gyromagnetic uniaxial chiral circular cylinder of radius ρ 0 . In the case of a TM z polarized incident plane wave illuminating along the +x axis, the incident electromagnetic fields can be expanded in terms of the circular cylindrical vector wave functions, as presented in Eqs. (12a) and (12b). The electromagnetic fields excited inside the scatterer can be represented in terms of the cylindrical vector wave functions in the way we have presented in Sec. 2. And the scattered electromagnetic waves may have TM z and TE z components and should be expanded as Eqs. (13a) and (13b). Applying the widely-employed mode matching method [8, 22] to have the boundary conditions of continuous tangential electric and magnetic fields satisfied at the outer surface of the scatterer ρ = ρ 0 , the expansion coefficients of the scattered fields are derived as
for q = 1, 2 and p = e, h. In Eqs. (C1) and (C2), (C8) where δ n is the Neumann factor, i.e., δ n = 1 for n = 0 and 2 for n > 0.
APPENDIX D: SOLUTIONS FOR SCATTERING COEF-FICIENTS OF A CONDUCTING CIRCULAR CYLINDER WITH AN INHOMOGENEOUS COATING THICKNESS OF GYROMAGNETIC UNIAXIAL CHIRAL MEDIUM
For simplicity, we introduce Straighforward manipulation for Eqs. (E1)-(E8) will give rise to the solutions of the scattering coefficient vectors [a (1) ], [b (1) ], and [a (2) ], [b (2) ], respectively.
